The control of blood pressure in acute stroke patients and management of hypertension in chronic stroke patients are highly important.
So we attempted to clarify the clinical significance of cerebral blood flow (CBF) autoregulation in stroke patients. 1) Orthostatic hypotension in early rehabilitation: The incidence of neurological symptoms decreased when the head of the bed was elevated gradually, over days, rather than rapidly. The results indicate that a gradual elevation of the head of the bed in stepwise fashion is safer than an abrupt elevation, especially in patients with occlusions of the main cerebral artery. 2) CBF autoregulation in patients with acute brain hemorrhage: Blood pressure control is essential in managing patients with acute brain hemorrhage.
Measurements of CBF autoregulation in cases wlth acute brain hemorrhage indicate that a 20% reduction in blood pressure is the maximum for maintaining cerebral circulation. 3) CBF autoregulation in patients of chronic brain infarction : The reduction of blood pressure in hypertensive patients with ischemic cerebrovascular disease should be within 20% in those without arterial occlusion, and within 10% in those with a stem occlusion of the middle cerebral artery. 4) Periventricular lucency (PVL) and CBF autoregulation: Mean cerebrovascular resistance value was elevated in chronic hypertensive patients with CT findings of severe PVL; cases of severe PVL also showed impaired CBF autoregulation.
This indicates that hypertensive patients whose brain CT reveal severe PVL have an impaired CBF autoregulation.
In these cases a strict regimen for lowering the blood pressure is required to prevent deterioration of the cerebral microcirculation. In normal subjects cerebral blood flow (CBF) is autoregulated.
In normotensive subjects, blood pressure at the lower limit of CBF autoregulation is thought to be in the mean arterial blood pressure range approximately 50-70 mmHg. However, hypertensive patients show a change in the autoregulation of CBF; an increase in cerebrovascular resistance in these patients raises the upper and lower limits of CBF autoregulations (1) . Patients with acute stroke show a disturbance of CBF autoregulation (2). The treatment of chronic hypertension in patients with occlusive cerebrovascular disease carries the risk of impairing the cerebral circulation.
Since the control of blood pressure in acute stroke patients and treatment of high blood pressure in chronic stroke patients are highly important, we attempted to clarify the clinical significance of CBF autoregulation in stroke patients.
Orthostatic
Hypertension in Early Rehabilitation Orthostatic hypotension in acute stroke patients, presents a problem in the early rehabilitation which is usually recommended to counteract the negative effects of bed rest. However, maneuvers that lower the blood pressure are contraindicated, because of the risk of inducing focal cerebral hypoperfusion. We will present data on the incidence of neurological and orthostatic symptoms associated with early rehabilitation, specifically when elevating the head of the bed abruptly or gradually (Fig. 1). a) The prevalence rate o f neurological symptoms by abrupt elevation o f the head o f the bed in early rehabilitation The incidence of neurological symptoms encountered in the early rehabilitation of stroke patients at our institution between 1978 and 1980 is shown in (Fig. 2) .
During that time, patients with acute stoke and with no obvious consciousness disturbance were allowed to sit up in bed within 7 days of the stroke. Of 120 consecutive cases, 13 developed neurological symptoms (10.8%). Those with the occlusion of main cerebral artery particularly tended to develop CNS complications. For this reason, we began a program to allow stroke patients to sit up in bed gradually, raising the head of the bed stepwise over several days.
b) The prevalence rate of neurological symptoms in gradual elevation o f the head o f the bed We studied the orthostatic symptoms that followed elevation of the head of the bed in 111 acute stroke patients whose consciousness was intact or minimally affected. Their blood pressure was monitored during a test of orthostatic blood pressure tolerance, and neurological symptoms were observed with the subjects supine followed by measurements made during 30 degree head-up tilting for 30 min. If the reduction of mean arterial blood pressure was within 20 mmHg and/or no neurological symptoms were observed, we gradually increased the inclination of the head of the bed stepwise over several days.
With this gradual approach to early rehabilitation used in 1986 and 1988 at our institution, the incidence of neurological symptoms fell to 2 of. 111 patients, or 1.8% (Fig. 3) . Both of those patients had occlusion of the main cranial artery. The results indicate that a gradual elevation of the head of the bed in stepwise fashion is safer than an abrupt elevation, especially in patients with occlusions of the main cerebral artery. c) Orthostatic hypertension in the gradual approach As an example of the relationship between the gradual elevation of the head of the bed and the incidence of orthostatic hypotension in a stroke patient, Fig. 4 . shows the blood pressure and pulse rate in an 88 year old woman over 30 min during 30 degree head up titling. She showed a maximum reduction in blood pressure and pulse rate as early as 5 min after the head of the bed was elevated (Fig. 4) .
Other patients showed a maximum reduction after 10 min.
The relationships between the first day of 30 degree elevation of the head of the bed and the maximum change in systolic blood pressure (SBP) during 30 min monitoring is shown in (Fig. 5) . Marked changes in SBP were observed during 4th and 6th days after the stroke.
We recommend that the head of the bed be elevated within 2 days, or after 7 days to prevent orthostatic hypotension.
CBF Autoregulation in Patients with Acute
Brain Hemorrhage (3):
Blood pressure control is mandatory in treating patients with acute brain hemorrhage. It is thus important to understand the relationship between CBF and blood pressure in acute brain hemorrhage. We studied 8 patients within 24 h of onset of acute brain hemorrhage. There were five males and three females aged 48 to 84 years. Their blood pressure was gradually reduced by the intravenous administration of trimetaphan camsylate (Arfonad). Changes of cerebral blood flow estimated by the arteriovenous oxygen difference method.
Habitual BP is mean arterial blood pressure level During gradual elevation, their blood pressure was monitored during a test o f orthostatic blood pressure tolerance, and neurological symptoms were observed with the subjects supine followed by measurements made during 30 degree head-up tilting for 30 min. If the reduction of mean arterial blood pressure was within 20 mmHg and/or no neurological symptoms were observed, we gradually increased the inclination of the head of the bed stepwise over several days. before stroke. Post ictal BP is mean arterial blood pressure after stroke. Lower limit is lower limit level of CBF autoregulation. We found the BP-CBF relationship curves during administration of trimetaphan camsylate showed an autoregulatory response in each patients. While the lower limit of autoregulation varied in each case, it tended to reach a level that correspond to 80% of post ictal blood pressure (Table 1) .
These findings show that patients with acute brain hemorrhage still maintain some autoregulatory plateau. We therefore recommend that a maximum of a 20% blood pressure reduction serve as guide to maintaining the cerebral circulation of patients with acute brain hemorrhage being treated for hypertension.
CBF autoregulation in Patients of Chronic
Brain Infarction (4) It is known that untreated hypertension can ultimately lead to arteriolosclerosis and atherosclerosis. The cerebral circulation of patients with atherosclerotic occlusion of main cerebral arteries is maintained by collateral circulation. Since CBF autoregulation had not been extensively studied in such cases, we investigated the lower threshold of blood pressure in CBF autoregulation by inducing a stepwise reduction of blood pressure with head-up tilting and/or with the infusion of trimethaphan camsylate in 52 patients with chronic brain infarction. Of the 52 patients, 24 cases (group N) had no occlusion of the main cerebral artery, 17 cases had occlusion of an extracranial (group E), and 11 cases had stem occlusions of middle cerebral artery Fig. 4 . Systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse rate in an 88 year old woman over 30 min during 30 degree head up titling. She showed a maximum reduction in blood pressure and pulse rate as early as 5 min after the head of the bed was elevated. Other patients showed a maximum reduction after 10 min. (group M) ( Table 2 ). Autoregulation patterns of CBF were observed in 19 cases out of the 24 in Group N, 15 of the 17 in Group E, and 6 of the 11 in Group M (Fig. 6 ). Dysautoregulation patterns were frequently observed in Group M, namely middle cerebral artery occlusion group. (Table 3 ) is the summarized result of CBF autoregulation parameters in cases who showed autoregulation patterns.
The ranges of CBF autoregulation (control MABP minus MABP at the lower limit of CBF autoregulation) were 21.2 mmHg in Group N, 16.9 in Group E and 12.0 in Group M respectively. The difference between Groups N and M was statistically significant (p < 0.005).
It is suggested that a blood pressure reduction of 20% be maintained in hypertensive patients with ischemic cerebrovascular disease but without arterial occlusion, and a reduction of 10% in those with a stem occlusion of middle cerebral artery.
Periventricular Lucency and CBF Autoregulation
Results of clinicopathological studies suggested that the arteriosclerosis due to the effects of chronic hypertension is related to the development of the PVL or leukoaraiosis. We studied the association between the severity of the periventricular white matter lucency (PVL) on computed tomograms and CBF autoregulation in 43 patients with chronic ECA occlusion; extracra-hypertension and lacunar brain infarction without occlusion of the main cerebral artery. Their mean age was 57.9 ± 8.4 years. PVL was graded according to the method proposed by Hijdra (5). (Table 4) is the PVL scores in the 43 patients. They were divided into three subgroups based on the sum of scores: PVLO (score of 0) ; PVL1 (score of 1 to 3); and PVL2 (score of 4). Relationships among cerebral circulation parameters and severity of PVL are shown in (Fig. 7) . When we evaluated the relationship between cerebral circulatory parameters and the severity of PVL, we found that the cerebrovascular resistance (CVR) tended to be increased in patients with severe PVL findings. (Fig. 8) shows the distributions of CBF autoregulation and dysautoregulation patterns in each PVL group. Patients with severe PVL showed a high incidence of impaired CBF autoregulation, which suggests that CBF autoregulation is probably impaired in hypertensive patients with severe PVL as observed on CT.
Strict control of blood pressure is required to prevent the deterioration of their cerebral microcirculation. 
